A rapid and efficient preconcentration method was developed for the determination of trace metals in water. Trace metals [e.g., Ni(II), Cu(II), Ga(III), Cd(II), Pb(II), and Bi(III)] in 1 dm3 of sample solution were converted into the hydrophobic chelates with ammonium pyrrolidinedithiocarbamate.
Introduction
The determination of trace metals in natural water is of great importance for the assessment of environmental pollution and a better understanding of their geochemical behavior. In spite of widespread use of modern analytical instruments with high sensitivity, preconcentration steps are still often necessary to determine trace metals in natural waters with satisfactory accuracy and precision [1 ,2] . Although a variety of techniques, including liquid-liquid extraction, solid-phase extraction, ion-exchange, coprecipitation, electrodeposition, and volatilization, have been employed for this purpose, limited techniques are available for rapid preconcentration of trace metals from large-volume samples.
In our laboratory, admicelles have been studied as separation and preconcentration vehicles in trace analysis [3] [4] [5] [6] [7] [8] . They are surfactant aggregates formed on solid surfaces (e.g., alumina [9, 10] and silica [11] [12] [13] ) and capable of extracting hydrophobic compounds from aqueous solutions [5, 10] . Because the surfactant aggregates are supported on a solid material, the admicellar extraction is free from difficulties encountered in other micelle-mediated techniques (e.g., micellar-enhanced ultrafiltration and cloud-point extraction).
solution were readily preconcentrated 100-fold by the admicelle-flotation scheme [8] , where a hydrophobic chelating agent, dithizone, was incorporated into the admicelles prior to the extraction. The dithizone-incorporated admicelles, however, contained some metal contaminants (e.g., Ni, Cu, and Pb) at 20-to 60-ng levels, which hindered the sensitive determination of trace metals.
An alternative approach to the dithizone-admicellar extraction of trace metals is that they are preliminarily converted into the hydrophobic chelates and then extracted into admicelles by hydrophobic interaction [4] . In this approach, no chlelating agent is present during the preparation of admicelles, hence contamination can be effectively controlled. In the present study, this approach was adopted for the admicelle-flotation scheme using a water-soluble chelating agent, ammonium pyrrolidinedithiocarbamate (APDC). This reagent is characterized by its wide reactivity with various metals to form hydrophobic chelates [1, 2, 14] . The metal-APDC chelates were extracted into admicelles composed of silica and a cationic surfactant, cetyltrimethylammonium chloride (CTAC).
After recovering the admicelles by flotation, the extracted metals were eluted with dilute nitric acid. Compared with the dithizone-admicellar method [8] , the proposed method provided lower blanks and a higher preconcentration factor of 200. In addition, the elution procedure was further simplified. The proposed method was combined with inductively coupled plasma-mass spectrometry (ICP-MS) for the analysis of river water. The admicelles used were prepared on the basis of a previous study [8] , where silica particles were simply mixed with an ammoniacal CTAC solution. The cationic surfactant, CTAC, was strongly adsorbed on the negatively-charged silica surfaces (the isoelectric point, pI=ca. 2 [15] ). The resulting admicelles were stable over a wide pH range of 4-10. The CTAC loaded on the particles was 300 mg g-1. The experimental conditions for the admicelle-flotation were optimized previously [8] . For artificial river water, complete flotation was achieved within 1 min. The CTAC admicelles were rapidly floated with numerous tiny bubbles and supported on the solution surface by a stable foam layer, hence they were readily collected in a small sampling vessel by suction. However, the flotability of the CTAC admicelles was sensitive to ionic strength. For example, part of the admicelles were not floated even by bubbling for 20 min and remained in the solution at the salinity of seawater (Na 12, Mg 1.3, and Cl 23 g dm 3). Further loading of CTAC (300-500 mg g-1) was ineffective in improving the flotability. Therefore, we focused our attention on the preconcentration of trace metals in fresh-water samples. Table 1 shows the percentages of trace metals collected from 1.00 dm3 of artificial river water, into which is 4 times less than that required in the previously-reported dithizone method [8] . As shown in Fig. 3 , a 15-min stirring was sufficient to collect 6 metals nearly completely.
The results given in 
